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ABSTRACT
The aim of this study was to identify significant prognostic factors by using unrelated genomically HLA-A, -B
and -DRB1–identical donors. Such data could help to choose the best donor. We studied 136 consecutive
patients with hematologic malignancies and a median age of 32 years (range, 0-55 years) who received
hematopoietic stem cell transplantation. Bone marrow grafts were given to 83 and peripheral blood stem cells
to 53 patients. The cumulative incidence of grade II to IV acute graft-versus-host disease (GVHD) was 30%
and of chronic GVHD was 54%. At 5 years, the overall transplant-related mortality (TRM) was 34%, and
patient survival was 50%. In Cox multivariate analysis, 32 potential risk factors were analyzed. Monoclonal
antibody OKT-3 during conditioning was correlated with grade II to IV acute GVHD, chronic GVHD, and
TRM. HLA-DP mismatch was associated with poor TRM and poor survival. Cytomegalovirus-seropositive
patients with a seronegative donor had a decreased leukemia-free survival. Five-year TRM was 14% with no
risk factor, 38% with 1 risk factor, and 87% with 2 risk factors. The 5-year survival was 72%, 48%, and 30%
with 0, 1, and 2 risk factors, respectively. We concluded that unrelated hematopoietic stem cell transplantation
may be improved if an optimal donor and immunosuppression are chosen.
© 2004 American Society for Blood and Marrow Transplantation
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Only one third of the patients who may be cured
y hematopoietic stem cell transplantation (HSCT)
ave an HLA-identical sibling. Therefore, large reg-
stries with volunteer donors have been established all
ver the world. Worldwide, there are now registries in
ost countries that perform HSCT. Unrelated do-
ors are increasingly used [1-9]. For instance, in our
rogram, 70% of the transplants were from unrelated
onors during 2002. HLA-A, -B, and -DRB1 identity
s of the utmost importance for outcome [10-15].
olecular typing for HLA class I and II alleles can
llow more accurate donor-recipient matching and
hereby improve clinical outcome after HSCT. How-
ver, with the increasing number of volunteer donors
vailable, it may be possible to choose between several p
28atched donors. Other factors have also been re-
orted to be of importance for outcome after HSCT
ith unrelated donors: these include cytomegalovirus
CMV)-seropositive status in the donor if the recipi-
nt is CMV seropositive, bone marrow cell dose, do-
or age, and the use of anti–T-cell globulin (ATG)
uring conditioning [3,16-20]. With genomically
ell-matched unrelated donors, prognostic factors
igniﬁcant for the outcome of transplantation with
LA-identical siblings—such as female donor to male
ecipient, herpesvirus immunity in recipients and do-
ors, body mass index, and posttransplantation treat-
ent with granulocyte colony-stimulating factor (G-
SF)—may be of importance for outcome [21-25]. To
lucidate these points, this risk factor analysis was




















































































Which Unrelated Donor Should Be Chosen for HSCT?
Brom unrelated donors who were genomically HLA-A,
B, and -DRB1 identical.
ATERIALS AND METHODS
atients and Donors
Among 291 consecutive recipients of unrelated
onor transplants, 211 were genomically typed for
LA class I and II, 18 had an HLA-A, -B, or -DRB1
ismatch, and 29 had a subtype mismatch. The study
opulation therefore consisted of 164 recipients of
LA-A, -B, and -DRB1 genomically unrelated
atched donors. Among those, 136 had hematologic
alignancies.
Transplantations were performed between 1991
nd 2003. Patient and donor characteristics are shown
n Table 1. All patients and donors were retrospec-
ively HLA class I and class II typed by allele-level
olymerase chain reaction ampliﬁcation with se-
uence-speciﬁc primers [26,27]. In cases in which typ-
ng allowed the deﬁnition of more than 1 allele, it was
ssumed to be the allele usually seen in white individ-
als. All donor-recipients were DRB5 identical. The
ource of stem cells was bone marrow in 83 cases and
-CSF–mobilized peripheral blood stem cells (PBSC)
n 53 cases [28].
onditioning and Supportive Care
Most patients received total body irradiation
TBI): 54 (40%) of 136 received 10 Gy (lungs were
able 1. Patient and Donor Characteristics (n  136)
Characteristic Data
ecipient age, y (range) 32 (0-55)
ecipient sex (female/male) 62/74
onor age, y (range) 37 (19-56)
onor sex (female/male) 57/77
isease
Acute myeloid leukemia 41 (30%)
Acute lymphoid leukemia 31 (23%)
Chronic myeloid leukemia 49 (36%)




Chronic lymphoid leukemia 1
isease status
First complete remission/chronic phase 68 (54%)
Second or third remission/chronic phase 40 (32%)
Partial remission 6 (5%)
Not in remission/chronic phase 11 (9%)
ucleated cell dose ( 108/kg) (range) 3.6 (0.6-63.8)
D34 cell dose ( 106/kg) (range) 5.8 (0.41-56.4)
BO compatibility
Identity 56 (41%)
Minor incompatibility 40 (29%)
Major incompatibility 40 (29%)hielded so that the patient received a median of 9 [
B&MTy), and 38 (28%) received 12 Gy of fractionated TBI
3 Gy on 4 consecutive days). TBI was combined with
yclophosphamide 60 mg/kg for 2 consecutive days
29]. Busulfan 4 mg/kg on 4 consecutive days was
ombined with cyclophosphamide 60 mg/kg for 2
onsecutive days in patients with hematologic malig-
ancies (n  44) [30]. All but 1 patient received ATG
to 5 mg/kg/d (n  108) or muromone ab-CD3
OKT-3; 5 mg/d) for 2 to 5 days (n  27) before
ransplantation [31]. Methotrexate (MTX) 8 to 12 mg
r cytarabine 20 mg was given intrathecally twice
efore HSCT to prevent central nervous system
CNS) leukemia in patients with acute lymphoid leu-
emia, acute myeloid leukemia FAB M4 or M5, or a
istory of CNS disease. Patients with previous CNS
isease were given intrathecal treatment until 24
onths after HSCT. Between 1995 and 2000, G-CSF
as given to 100 patients (74%) from day 10 until
eutrophil engraftment 0.5  109/L for 2 days.
raft-versus-Host Disease Prophylaxis
The vast majority of patients (128/136; 94%) re-
eived cyclosporine (CsA) combined with 4 doses of
TX [29,32]. Intravenous CsA was started on day
1; the dose ranged from 5 to 10 mg/kg/d, with the
igher dose given to small children. On the day of
SCT, CsA was decreased to 3 to 7.5 mg/kg/d. On
ay 1, or as soon as the patient could take CsA
rally, 12.5 mg/kg/d was given in 2 doses to adults,
nd a higher dose, 12.5 to 20 mg/kg/d, was given to
hildren. During the ﬁrst month, blood CsA trough
evels were kept at approximately 200 to 300 ng/mL.
sA was discontinued after 6 months if possible. Six
atients received CsA combined with prednisolone be-
ause they did not tolerateMTX, and 2 patients received
sA combined with mycophenolate mofetil [33].
iagnosis and Treatment of Graft-versus-Host
isease
Both acute and chronic graft-versus-host disease
GVHD) were diagnosed on the basis of clinical
ymptoms or biopsy samples from skin, liver, gastro-
ntestinal tract, or oral mucosa [34]. Patients were
reated for grade I acute GVHD with prednisolone
tarting at 2 mg/kg/d, which was tapered after the
nitial response [35]. In more severe cases, methyl-
rednisolone, ATG, MTX, and/or psoralen and ultra-
iolet A (PUVA) or extracorporeal PUVA were given.
everal strategies were used to treat extensive chronic
VHD, including prednisolone, CsA, and prednisone
n alternate days [36], PUVA or extracorporeal
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1tatistics
Time to acute GVHD, chronic GVHD, trans-
lant-related mortality (TRM), survival, and re-
apse-free survival were determined with the life-
able method by using the log-rank (Mantel-
aenzel) test, taking sensored data into account
37]. The logistic regression model was used to
nalyze risk factors for acute GVHD. The Cox
egression model was used for univariate and mul-
ivariate analysis for chronic GVHD, TRM, sur-
ival, and relapse-free survival [38]. Thirty potential
isk factors for outcome were studied (Table 2).
nly factors at 10% levels in the univariate anal-
sis were introduced into the stepwise elimination
ultivariate analysis. This was done to reduce the
umber of competing factors in the multivariate
nalysis (Table 3). When multiple comparisons are









D34 dose <4.0/>4.0 26/51
BO MM No/yes 56/80
BO minor MM No/yes 96/40
BO major MM No/yes 96/40
onor sex M/F 77/57
onor age <30/>30 35/95
KT-3 No/yes 109/27
plenectomy No/yes 131/5
to M No/yes 113/21
mm F to M No/yes 123/11
BSC BM/PBSC 83/53
-CSF No/yes 36/100
ec virus 0-2/3-4 25/106
on virus 0-2/3-4 25/85
MV / No/yes 75/48
MV / No/yes 109/14
MV / No/yes 87/36
MV / No/yes 98/25
LA C Match/MM 92/44
LA DRB3 Match/MM 117/9
LA DRB4 Match/MM 111/5
LA DPAB 0/1/2 20/62/47
LA DQA 0/1/2 114/12/7
ML No/yes 95/41
ML No/yes 87/49
indicates female; M, male; BMI, body mass index; MTX, methot
these stages; SCT, stem cell transplantation; NC dose, nucleate
peripheral blood stem cells; Rec virus, recipient virus seropositiv
virus, or cytomegalovirus; CMV /, seropositive donor/recip
mismatch; OR, odds ratio; AML, acute myeloid leukemia; CML
Included in multivariate analysis.erformed, there is always a risk of statistical sig- a
30iﬁcance by chance. A female donor was considered
s immunized if she had been pregnant or received
blood transfusion. Patients in ﬁrst complete re-
ission or ﬁrst chronic phase were considered as
aving low-risk disease. All others were considered
s having high-risk disease. An ABO minor mis-
atch was a donor who had ABO antibodies against
he patients’ erythrocytes, whereas an ABO major
ismatch was a patient who had ABO antibodies
gainst donor erythrocytes. The cumulative proba-
ility curves for GVHD, TRM, and survival were
alculated with the Kaplan-Meier method. Sensored
bservations were taken into account. Most of these
actors are well known and have been studied pre-
iously. If a Bonferroni correction was performed
or the 8 to 10 new factors introduced in this study,
nly factors signiﬁcant at .005 had to be considered
(TRM) and Survival
TRM Survival
OR P Value OR P Value
1.31 .40 0.93 .78
1.00 .95 1.00 .92
1.00 .99 1.00 .68
0.49 .17 0.61 .29
1.28 .42 1.65 .05†
0.93 .18 0.97 .57
0.99 .94 1.01 .52
1.92 .20 1.46 .32
1.12 .73 1.20 .49
1.13 .73 1.31 .32
1.01 .98 0.93 .80
1.21 .55 1.15 .60
0.91 .80 0.81 .45
2.29 .01† 1.54 .13
1.48 .60 1.58 .44
1.73 .15 1.63 .13
1.92 .18 1.55 .30
1.11 .76 1.10 .72
0.77 .47 1.04 .89
0.92 .83 1.03 .93
0.76 .49 1.13 .74
0.83 .56 0.69 .20
2.10 .08† 1.79 .13
0.99 .97 1.15 .64
0.79 .58 0.99 .98
0.78 .47 0.66 .16
1.65 .35 1.20 .72
1.72 .46 2.61 .06†
1.86 .02† 1.82 .005†
1.14 .66 1.00 .99
1.32 .40 1.68 .05†
0.73 .33 0.50 .016†
disease stage: early, ﬁrst remission or chronic phase; late, beyond
ose; Imm F, immunized female donor; BM, bone marrow; PBSC,
2 or 3-4 of herpes simplex virus, varicella zoster virus, Epstein-Barr




























































Which Unrelated Donor Should Be Chosen for HSCT?
BESULTS
isk Factors for Acute and Chronic GVHD
The cumulative incidence of grade II to IV acute
VHD was 30%. In logistic regression multivariate
nalysis, 2 factors were signiﬁcant for grade II to IV
cute GVHD: treatment with OKT-3 and PBSC
rafts (Table 3). However, if the Bonferroni correc-
ion was considered, PBSC grafts did not reach sig-
iﬁcance. Patients who received OKT-3 during con-
itioning had an increased risk (55%) of developing
rade II to IV acute GVHD, compared with 24% in
hose treated with ATG (P  .001). Recipients of
BSC grafts had a probability of grade II to IV acute
VHD of 41%, compared with 23% in those who
eceived bone marrow grafts (P  .03). The risk of
rade II to IV acute GVHD increased signiﬁcantly
ith more risk factors (Figure 1). If no risk factor was
resent, the probability of grade II to IV acute GVHD
as 15%, versus 41% with 1 risk factor and 71% with
risk factors.
The cumulative incidence of chronic GVHD was
4%. In the multivariate analysis, OKT-3 treatment
as signiﬁcant for chronic GVHD (Table 3).
isk Factors for TRM
In Cox regression univariate analysis, 2 factors
able 3. Multivariate Analysis for Risk Factors for Acute and Chronic
VHD, Transplant-Related Mortality (TRM), Survival, and
eukemia-Free Survival (LFS)






isk factors for acute GVHD
OKT-3 4.97 1.88-13.1 .001
PBSC 2.98 1.27-7.00 .01 .07
isk factors for chronic GVHD HR
OKT-3 3.06 1.61-5.85 <.001
Recent transplantation year 0.87 0.78-0.97 .016 .10
isk factors for TRM HR
OKT-3 3.21 1.55-6.62 .002
DP mismatch 2.10 1.21-3.63 .008
CMV / 3.05 1.19-7.82 .02 .14
isk factors for survival HR
CML 0.32 0.16-0.67 .002
DP mismatch 1.84 1.22-2.78 .004
Recent transplantation year 0.84 0.74-0.97 .01 .07
isk factors for LFS HR
CMV-seronegative donor
and seropositive recipient 3.10 1.50-6.39 .002
DP mismatch 1.55 1.05-2.30 .026 .18
CML 0.43 0.22-0.84 .014 .10
Recent transplantation year 0.86 0.75-0.98 .028 .20
R indicates odds ratio; CI, conﬁdence interval; HR, hazards ratio;
OKT 3, muromone antibody against CD3 during conditioning;
PBSC, peripheral blood stem cells; CML, chronic myeloid leu-
kemia.ere signiﬁcant at the 5% level and 1 additional factor a
B&MTas signiﬁcant at the at the 5% to 10% level; these
ere included in the subsequent stepwise elimination
ultivariate analysis (Table 2). OKT-3 treatment,
LA-DP mismatch, and a CMV-seronegative donor
o a CMV-seropositive patient (not signiﬁcant with
onferroni correction) were associated with TRM.
ith no risk factor, TRM was 14%, compared with
8% with 1 risk factor and 87% with 2 risk factors
Figure 2). No patient had all 3 risk factors.
isk Factors Associated with Poor Survival
In univariate analysis for patient survival, 4 factors
ere signiﬁcant at the 5% level (Table 2). Three
actors were signiﬁcant in the multivariate analysis:
LA-DP mismatch (P  .002), chronic myeloid leu-
emia (CML; P  .002), and transplantation year (not
igniﬁcant with the Bonferroni correction; Table 3).
ive-year patient survival was 73% in HLA-DP
atches, compared with 57% in HLA-DP 1-antigen
igure 1. The cumulative probability of grade II to IV acute
VHD in patients with 0 to 2 signiﬁcant risk factors (RF) present
ccording to Table 3.
igure 2. The cumulative probability of transplant-related mortal-
ty in patients with 0 to 2 signiﬁcant risk factors (RF) present
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1ismatches and 34% in 2-antigen mismatches (P 
016). Five-year survival was 63% with CML versus
1% in the other disorders (P  .01). In those with 0
r 1 risk factors, the 5-year probability of survival was
2%, compared with 48% with 1 risk factor and 30%
ith 2 risk factors (Figure 3). This outcome may not
eem compatible with the risk factor analysis for TRM
Figure 2). However, only risk factors signiﬁcant in
ultivariate analysis were included. Therefore, differ-
nt risk factors were included in the risk factor analysis
f TRM and survival.
isk Factors for Leukemia-Free Survival
In multivariate analysis, poor leukemia-free sur-
ival (LFS) was associated with CMV-seronegative
rafts to CMV-seropositive recipients (Table 3). Di-
gnosis other than CML, HLA-DP mismatch, and
arly transplantation year were signiﬁcant in the mul-
ivariate analysis for LFS, but not after the Bonferroni
orrection.
ISCUSSION
GVHD is a major reason for morbidity and mor-
ality after HSCT, especially with unrelated donors
1-9]. In this study, treatment with OKT-3 during
onditioning and PBSC grafting had an increased risk
f acute GVHD (Table 3). We previously reported
hat OKT-3, compared with ATG, increased the risk
f acute GVHD grade II to IV with unrelated donors
31]. A reason for this may be that OKT-3 triggers
ytokine release, such as tumor necrosis factor-, in-
erferon-, and interleukin-2, which may activate
cute GVHD [39-41]. We used OKT-3 during 1
eriod because it was cheaper than ATG. However, in
ore recent years, we have exclusively used ATG.
The use of PBSC grafts also resulted in an in-
reased risk of acute GVHD, which is in contrast to a
igure 3. Probability of survival in patients with 0 to 2 signiﬁcant
isk factors (RF) present according to Table 3.revious study that found a similar incidence of acute i
32VHD with PBSC or bone marrow from unrelated
onors [28]. Furthermore, studies including several
housand patients undergoing HSCT with HLA-
dentical sibling donors showed no difference with
egard to acute GVHD with use of PBSC compared
ith bone marrow [42]. Therefore, this ﬁnding has to
e taken with caution. Furthermore, there was only a
rend when the Bonferroni correction was included
P  .07; Table 3).
Risk factors for chronic GVHD included treat-
ent with OKT-3 and an early transplantation year.
robably immunosuppression has improved in more
ecent years, although time was not signiﬁcant after
he Bonferroni correction (Table 3). PBSC were not
ssociated with an increased risk of chronic GVHD, in
ontrast to the experience in HLA-identical siblings
42,43]. The reason for this may be the overall high
isk for chronic GVHD with unrelated donors. This is
n keeping with a previous report with unrelated do-
ors [28].
GVHD, infections, and toxicity are the main
auses of TRM after HSCT [44]. Therefore, the risk
actors signiﬁcant for acute and chronic GVHD may
e the same for TRM. Indeed, OKT-3 treatment
as signiﬁcantly associated with GVHD and TRM
Table 3).
In these recipients of genomically typed HLA-A,
B, and -DRB1–identical unrelated grafts, HLA-DP
ismatch was a signiﬁcant factor associated with
RM, low survival, and LFS (Table 3). The role of
P mismatch is in agreement with previous studies
27,44-46]. In our study, DP mismatch included
PA1 and DPB1 mismatches. That DP acts as an
mportant transplantation antigen was previously sug-
ested [47]. Signiﬁcant proliferation was induced in
ixed lymphocyte cultures between HLA-A, -B, -DR,
nd -DQ–compatible individuals who were HLA-DP
ncompatible. The role of DQA1 could not be evalu-
ted, because most donor-recipient pairs were identi-
al. Our study is not comparable with most other
eports of unrelated HSCT, because those also in-
luded patients who received major HLA–mismatched
ransplants [12-15,44]. Furthermore, in our study, we
lso analyzed other risk factors of importance for out-
ome after allogeneic stem cell transplantation.
In addition to DP mismatch, CMV-seropositive
ecipients of grafts from CMV-seronegative donors
ad a decreased LFS (Table 3). A previous study from
he European Group for Blood and Marrow Trans-
lantation also reported a favorable outcome in CMV-
eropositive recipients if the donor was also CMV
eropositive compared with CMV seronegative [16].
e did not see any signiﬁcant role of donor age or cell
ose, which were shown to be important for outcome
fter transplantation with unrelated donors [17,18].
he reason for the differences in ﬁndings may be that




















































Which Unrelated Donor Should Be Chosen for HSCT?
Beﬁned genomic tissue typing for donors and recipi-
nts. The other studies included patients and donors
ho were matched for HLA class I by serologic typ-
ng. In addition, 2 of the studies were multicenter
egistry studies, which by nature include a much more
eterogenic cell population [15,17]. All our patients
ere given ATG or OKT-3. Therefore, the incidence
f acute GVHD was lower than in other studies [20].
urthermore, some of the other studies included more
atients, and it is possible that to detect differences
egarding the role of donor age and cell dose, many
ore patients are required than were included in this
nalysis. Therefore, for the single patient, these fac-
ors are probably less important than, for instance, DP
atching. Risk factors for outcome found to be of
mportance in HLA-identical siblings, such as herpes-
irus immunity in recipients and donors, body mass
ndex, and posttransplantation treatment with G-CSF,
eem to be less important with unrelated donors, as
as found in this study [22-25]. The risk factors that
ecame nonsigniﬁcant with the Bonferroni correction
ay have been signiﬁcant by chance in the Cox mul-
ivariate analysis (Table 3).
To conclude, using unrelated donors who are
enomically HLA-A, -B, and -DRB1 identical, DP
atch was important for survival and LFS. It was also
mportant to choose ATG rather than OKT-3 as
mmunosuppression during conditioning. Further-
ore, in CMV-seropositive recipients, CMV-sero-
ositive donors, if available, should be selected.
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